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IDEULFDWHGIODWRQWKHEXLOGSODWHZLWKWKHLQILOOOHYHOEHLQJVHWHTXDOWR7KHEXONPDWHULDORIWKHVSHFLPHQVZDV
PDQXIDFWXUHGE\XVLQJWKUHHGLIIHUHQWUDVWHURULHQWDWLRQVLHE\VHWWLQJPDQXIDFWXULQJDQJOHTIHTXDOWRDQG
VHH)LJXUH IRU WKHGHILQLWLRQRIDQJOHTI7KHVSHFLPHQVKDGUHFWDQJXODUFURVVVHFWLRQZLWKZLGWKHTXDO WR
PPDQGWKLFNQHVVWRPP
7KHUHVXOWVJHQHUDWHGE\/HWFKHUDQG:D\WDVKHNDUHVXPPDUL]HGLQWKH61FKDUWVRI)LJXUHWKDWSORWWKH
PD[LPXPVWUHVVLQWKHF\FOHVPD[DJDLQVWWKHQXPEHURIF\FOHVWRIDLOXUH1I7KHVFDWWHUEDQGVUHSRUWHGLQWKHVH
JUDSKVDUHGHOLPLWHGE\ WZRVWUDLJKW OLQHV WKDWFRUUHVSRQGWRDSUREDELOLW\RIVXUYLYDO36HTXDO WRDQG
UHVSHFWLYHO\7KH\ZHUHGHWHUPLQHGXQGHUWKHK\SRWKHVLVRIDORJQRUPDOGLVWULEXWLRQRIWKHQXPEHURIF\FOHVWRIDLOXUH
IRUHDFKVWUHVVOHYHODQGDVVXPLQJDFRQILGHQFHOHYHOHTXDOWR$O=DP]DPL6XVPHO7KHUHVXOWVIURPWKH
UHDQDO\VHVRIWKHGDWDLVVXPPDUL]HGLQ)LJXUHDQGLQ7DEOHLQWHUPVRIQHJDWLYHLQYHUVHVORSHNHQGXUDQFHOLPLW
V0$;DWāF\FOHVWRIDLOXUHIRUDSUREDELOLW\RIVXUYLYDO36HTXDOWRDQGVFDWWHUUDWLRRIWKHHQGXUDQFH
OLPLWIRUDQGSUREDELOLWLHVRIVXUYLYDO7V


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1RPHQFODWXUH
N QHJDWLYHLQYHUVHVORSH
1I QXPEHURIF\FOHVWRIDLOXUH
1 UHIHUHQFHQXPEHURIF\FOHVWRIDLOXUH1 āF\FOHVWRIDLOXUH
36 SUREDELOLW\RIVXUYLYDO
5 VWUHVVUDWLR5 VPLQVPD[
7V VFDWWHUUDWLRRIWKHHQGXUDQFHOLPLWV0$;IRUDQGSUREDELOLWLHVRIVXUYLYDO
TI RULHQWDWLRQRIWKHDGGLWLYHO\PDQXIDFWXUHGILODPHQWV
VD VWUHVVDPSOLWXGH
VP PHDQVWUHVV
VPD[ PD[LPXPVWUHVVLQWKHIDWLJXHF\FOH
V0$; HQGXUDQFHOLPLWDW1F\FOHVWRIDLOXUHLQWHUPVRIPD[LPXPVWUHVVLQWKHIDWLJXHF\FOH
VPLQ PLQLPXPVWUHVVLQWKHIDWLJXHF\FOH
V876 XOWLPDWHWHQVLOHVWUHQJWK

7KDQNVWRLWVXQLTXHIHDWXUHV$0DOORZVREMHFWVZLWKFRPSOH[JHRPHWULHVWREHPDQXIDFWXUHGDWDUHODWLYHO\ORZ
FRVWZLWKWKLVEHLQJGRQHE\DOZD\VUHDFKLQJDKLJKOHYHORIDFFXUDF\LQWHUPVRIERWKGLPHQVLRQVDQGVKDSH
'XHWRWKHLPSRUWDQWUROH$0LVH[SHFWHGWRSOD\LQWKHQHDUIXWXUHV\VWHPDWLF5	'DFWLYLWLHVKDYHEHHQFDUULHG
RXWLQUHFHQW\HDUVZRUOGZLGHVRWKDWQRZDGD\VWKHWHFKQRORJLHVWRIDEULFDWH$0FRPSRQHQWVHIILFLHQWO\DUHGLUHFWO\
DYDLODEOHWRLQGXVWU\,QWKLVFRQWH[WH[DPLQDWLRQRIWKHVWDWHRIWKHDUWVKRZVWKDWWKHPRVWDGYDQFHG$0WHFKQLTXHV
DOORZREMHFWVWREHIDEULFDWHGXVLQJPHWDOVSRO\PHUVFRPSRVLWHPDWHULDOVDQGFRQFUHWH
$VIDUDVSRO\PHUVDUHFRQFHUQHGDQXPEHURIGLIIHUHQWFRPPHUFLDO'SULQWHUVDUHDYDLODEOHLQWKHPDUNHWWKDW
FDQEHXVHGWRPDQXIDFWXUHREMHFWVPDGHRIHLWKHUDFU\ORQLWULOHEXWDGLHQHVW\UHQH$%6RUSRO\ODFWLGH3/$,QWHUPV
RIWHFKQRORJLFDOSURFHVVSRO\PHUVDUHXVXDOO\DGGLWLYHO\PDQXIDFWXUHG$0E\PHOWLQJH[WUXGLQJHLWKHUSRZGHUV
ZLUHVRUIODWVKHHWV
3/$LVDELRGHJUDGDEOHDEVRUEDEOHDQGELRFRPSDWLEOH WKHUPRSODVWLFDOLSKDWLFSRO\HVWHU WKDW LVZLGHO\XVHGIRU
UDSLGSURWRW\SLQJWRPDQXIDFWXUHWRROVMLJVDQGIL[WXUHVGHVLJQHGWRPD[LPL]HWKHSURGXFWLRQHIILFLHQF\DQGWRPDNH
ELRPHGLFDOFRPSRQHQWVZLWKFRPSOH[VKDSH
([DPLQDWLRQRIWKHVWDWHRIWKHDUWVKRZVWKDWVLQFHWKHEHJLQQLQJRIWKHVWKHLQWHUQDWLRQDOVFLHQWLILFLQGXVWULDO
FRPPXQLW\KDVIRFXVHGLWVDWWHQWLRQPDLQO\RQWKHGHYHORSPHQWRIWKHPDQXIDFWXULQJWHFKQRORJ\ZLWKWKLVEHLQJGRQH
E\WU\LQJWRLQFUHDVHWKHOHYHORISURGXFWLYLW\E\VLPXOWDQHRXVO\UHGXFLQJWKHIDEULFDWLRQFRVWV
2ZLQJWRWKHKLJKOHYHORIPDWXULW\WKDWFKDUDFWHUL]HV$0RISRO\PHUVWKHQH[WVWHSWRIXOO\H[SORLWWKLVSRZHUIXO
WHFKQRORJ\LVUHGXFLQJWKHULVNRILQFXUULQJLQVHUYLFHIDWLJXHIDLOXUHVRI'SULQWHGFRPSRQHQWVPDGHRI3/$7R
WKLVHQGSUDFWLWLRQHUVPXVWEHSURYLGHGZLWKUXOHVVXLWDEOHIRUHIILFLHQWO\JXLGLQJDQGLQIRUPLQJWKHGHVLJQSURFHVV
,QWKLVFKDOOHQJLQJVFHQDULRWKHSUHVHQWSDSHUDLPVWRUHYLHZWKHVWDWHRIWKHDUWNQRZOHGJHRIIDWLJXHRI$03/$WR
JLYH TXDQWLWDWLYH UHFRPPHQGDWLRQV KHOSLQJ HQJLQHHUV WR SHUIRUP WKH IDWLJXH DVVHVVPHQW LQ VLWXDWLRQV RI SUDFWLFDO
LQWHUHVW
3/$¶VVWUHQJWKYVPDQXIDFWXULQJYDULDEOHV
*LYHQWKHSDUHQWPDWHULDOWKHPHFKDQLFDOEHKDYLRURI$03/$XQGHUERWKVWDWLF$KPHG6XVPHODE
DQG(]HK6XVPHODQGIDWLJXHORDGLQJ-HUH]0HVDHWDOLVVHHQWREHLQIOXHQFHGPDLQO\E\WKH
IROORZLQJSDUDPHWHUVOD\HUWKLFNQHVVLQILOOSHUFHQWDJHQR]]OHVL]HPDQXIDFWXULQJRULHQWDWLRQILOOLQJSDWWHUQILOOLQJ
UDWH IHHG UDWH PDQXIDFWXULQJ UDWH DQG ILOOLQJ WHPSHUDWXUH $QRWKHU LPSRUWDQW YDULDEOH WKDW DIIHFWV WKH RYHUDOO
PHFKDQLFDO EHKDYLRU RI REMHFWV PDGH RI $0 SRO\PHUV LV WKH VKHOO WKLFNQHVV ZKHUH WKH VKHOO SOD\V WKH UROH RI D
SHULPHWULFUHWDLQLQJZDOO,QWHUPVRIPDQXIDFWXULQJSURFHVVZKHQDQHZOD\HULVEHLQJPDQXIDFWXUHGWKHVKHOOVDUH
DOZD\VWKHILUVWVWUXFWXUDOHOHPHQWV WKDWDUHEXLOWXSE\WKH'SULQWHU$FFRUGLQJWRJRRGSUDFWLFHLQ$0RI3/$
REMHFWV WKH WKLFNQHVVRI WKHVKHOO LV UHFRPPHQGHG WREHVHWHTXDO WRDPXOWLSOHRI WKHQR]]OHGLDPHWHUVR WKDW WKH
IRUPDWLRQRIYRLGVDQGPDQXIDFWXULQJGHIHFWVFDQEHOLPLWHGDQGFRQWUROOHGHIIHFWLYHO\

,IDWWHQWLRQLVIRFXVHGRQWKHVWDWLFEHKDYLRURI$0FRPSRQHQWVRI3/$WKHPDWHULDOXOWLPDWHWHQVLOHVWUHQJWKDQG
WKHHODVWLFPRGXOXVWHQGWRGHFUHDVHERWKDVWKHLQILOODQJOHLQFUHDVHVDQGDVWKLFNQHVVRIWKHVKHOOGHFUHDVHV/DQ]RWWL
HWDO,QWKLVFRQWH[WWKHVWDWLFVWUHQJWKLVVHHQWRGHSHQGDOVRRQWKHWKLFNQHVVRIWKHOD\HUV&KDFyQHWDO
,QWHUPVRIVWUHVVVWUDLQUHVSRQVHWKHPHFKDQLFDOEHKDYLRURI$03/$LVVHHQWREHSUHGRPLQDQWO\EULWWOHZLWKWKH
OHYHORIGXFWLOLW\YDU\LQJDVWKHSULQWLQJGLUHFWLRQFKDQJHV$KPHG6XVPHO6RQJHWDO
$FFRUGLQJWRWKHVHFRQVLGHUDWLRQVVWULFWO\VSHDNLQJDOOWKHNH\PDQXIDFWXULQJYDULDEOHVOLVWHGDERYHDUHVHHQWR
DIIHFW WKH RYHUDOO PHFKDQLFDO UHVSRQVH RI $0 3/$ +RZHYHU LQ WHUPV RI HQJLQHHULQJ VWDWLF DVVHVVPHQW PXFK
H[SHULPHQWDOHYLGHQFHVXJJHVWV WKDW WKHHIIHFWRI WKHVHSDUDPHWHUVRQ WKHHODVWLFPRGXOXV WKH\LHOGVWUHVVDQG WKH
XOWLPDWHWHQVLOHVWUHQJWKFDQEHQHJOHFWHGZLWKOLWWOHORVVRIDFFXUDF\7KLVPHDQVWKDWIRUGHVLJQSXUSRVHV$03/$
FDQEHWUHDWHGVLPSO\DVDKRPRJHQRXVLVRWURSLFDQGOLQHDUHODVWLFPDWHULDO$KPHG6XVPHO
7XUQLQJ WR WKH IDWLJXHEHKDYLRU WKHGHWDLOHGH[SHULPHQWDO LQYHVWLJDWLRQFDUULHGRXWE\-HUH]0HVDHWDO 
GHPRQVWUDWHVWKDWOD\HUKHLJKWQR]]OHGLDPHWHUILOOGHQVLW\DQGSULQWLQJVSHHGDIIHFWWKHRYHUDOOIDWLJXHVWUHQJWKLQD
YHU\FRPSOH[ZD\ZLWKPXWXDOLQWHUDFWLRQVHIIHFWVEHLQJGLIILFXOWWREHDVVHVVHGDQGTXDQWLILHGZLWKRXWSHUIRUPLQJ
WLPHFRQVXPLQJDQGH[SHQVLYHH[SHULPHQWDOWULDOV,QWKLVFRQWH[WLWLVLPSRUWDQWWRKLJKOLJKWWKDWDFFRUGLQJWRWKH
7DJXFKL([SHULPHQWDO'HVLJQFDUULHGRXWE\-HUH]0HVDHWDOWKHIDWLJXHVWUHQJWKRIWKH$0SRO\PHUEHLQJ
WHVWHGUHDFKHGLWVPD[LPXPYDOXHIRUDILOOGHQVLW\RIDQGQRWRIDVRQHZRXOGH[SHFW
7KHFRQVLGHUDWLRQVUHSRUWHGLQWKHSUHVHQWVHFWLRQFOHDUO\VXJJHVWWKDWPRUHV\VWHPDWLFH[SHULPHQWDOZRUNQHHGVWR
EH GRQH LQ RUGHU WR XQGHUVWDQG DQG TXDQWLI\ WKH HIIHFW RQ WKH PHFKDQLFDO EHKDYLRU RI $0 3/$ RI WKH GLIIHUHQW
PDQXIDFWXULQJYDULDEOHV,QWKLVFRQWH[WLQWKHQH[WVHFWLRQDWWHQWLRQZLOOEHIRFXVHGVROHO\RQIDWLJXHZLWKWKHDLPRI
GHULYLQJVRPHSUDFWLFDOUXOHVVXLWDEOHIRUGHVLJQLQJ$03/$DJDLQVWF\FOLFORDGLQJ


)LJ'HILQLWLRQRIPDQXIDFWXULQJDQJOHTI
)DWLJXHVWUHQJWKRI$03/$
/HWFKHU DQG :D\WDVKHN  WHVWHG XQGHU IXOO\UHYHUVHG LH 5 VPLQVPD[  D[LDO ORDGLQJ XQQRWFKHG
VSHFLPHQV RI 3/$ PDQXIDFWXUHG E\ XVLQJ FRPPHUFLDO 'SULQWHU 0DNHU%RW 5HSOLFDWRU [ 7KH VDPSOHV ZHUH
IDEULFDWHGIODWRQWKHEXLOGSODWHZLWKWKHLQILOOOHYHOEHLQJVHWHTXDOWR7KHEXONPDWHULDORIWKHVSHFLPHQVZDV
PDQXIDFWXUHGE\XVLQJWKUHHGLIIHUHQWUDVWHURULHQWDWLRQVLHE\VHWWLQJPDQXIDFWXULQJDQJOHTIHTXDOWRDQG
VHH)LJXUH IRU WKHGHILQLWLRQRIDQJOHTI7KHVSHFLPHQVKDGUHFWDQJXODUFURVVVHFWLRQZLWKZLGWKHTXDO WR
PPDQGWKLFNQHVVWRPP
7KHUHVXOWVJHQHUDWHGE\/HWFKHUDQG:D\WDVKHNDUHVXPPDUL]HGLQWKH61FKDUWVRI)LJXUHWKDWSORWWKH
PD[LPXPVWUHVVLQWKHF\FOHVPD[DJDLQVWWKHQXPEHURIF\FOHVWRIDLOXUH1I7KHVFDWWHUEDQGVUHSRUWHGLQWKHVH
JUDSKVDUHGHOLPLWHGE\ WZRVWUDLJKW OLQHV WKDWFRUUHVSRQGWRDSUREDELOLW\RIVXUYLYDO36HTXDO WRDQG
UHVSHFWLYHO\7KH\ZHUHGHWHUPLQHGXQGHUWKHK\SRWKHVLVRIDORJQRUPDOGLVWULEXWLRQRIWKHQXPEHURIF\FOHVWRIDLOXUH
IRUHDFKVWUHVVOHYHODQGDVVXPLQJDFRQILGHQFHOHYHOHTXDOWR$O=DP]DPL6XVPHO7KHUHVXOWVIURPWKH
UHDQDO\VHVRIWKHGDWDLVVXPPDUL]HGLQ)LJXUHDQGLQ7DEOHLQWHUPVRIQHJDWLYHLQYHUVHVORSHNHQGXUDQFHOLPLW
V0$;DWāF\FOHVWRIDLOXUHIRUDSUREDELOLW\RIVXUYLYDO36HTXDOWRDQGVFDWWHUUDWLRRIWKHHQGXUDQFH
OLPLWIRUDQGSUREDELOLWLHVRIVXUYLYDO7V
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7DEOH6XPPDU\RIWKHUHVXOWVIURPWKHVWDWLVWLFDOUHDQDO\VHV
5HIHUHQFH )DEULFDWLRQ7HFKQRORJ\
TI V876 5 N V0$;D 7V
[] [MPa] [MPa] 
/HWFKHUHWDO $0      
/HWFKHUHWDO $0      
/HWFKHUHWDO $0      
$IURVHHWDO $0      
$IURVHHWDO $0      
$IURVHHWDO $0      
$YHUHWWHWDO 6WDQGDUG      
D(QGXUDQFHOLPLWH[WUDSRODWHGDW1 āF\FOHVWRIDLOXUH

D E
F G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)LJ61FXUYHVGHWHUPLQHGE\SRVWSURFHVVLQJWKHH[SHULPHQWDOUHVXOWVJHQHUDWHGE\/HWFKHUDQG:D\WDVKHN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
7KHFKDUWVRI)LJXUHVDWRFWRJHWKHUZLWK7DEOHVKRZWKDWERWKNDQGV0$;DUHQRWLQIOXHQFHGPDUNHGO\E\
PDQXIDFWXULQJDQJOHTIZLWKWKHIDWLJXHVWUHQJWKEHLQJGLUHFWO\UHODWHGWRWKHVWDWLFVWUHQJWK
2ZLQJWRWKHKLJKOHYHORIFRQVLVWHQF\EHWZHHQGDWDVHWVJHQHUDWHGE\WHVWLQJVSHFLPHQVZLWKGLIIHUHQWYDOXHVIRU
DQJOHTIWKHVDPHUHVXOWVZHUHDOVRUHDQDO\]HGWRJHWKHUDVVKRZQLQ)LJXUHG7KLVFKDUWFRQILUPVWKDWVLPLODUWR
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$FFRUGLQJWRWKHDERYHFRQVLGHUDWLRQVWKHH[SHULPHQWDOGDWDJHQHUDWHGERWKE\/HWFKHUDQG:D\WDVKHN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ZHUHWKHQDWWHPSWHGWREHUHDQDO\]HGWRJHWKHUE\VLPSO\GLYLGLQJWKHPD[LPXPVWUHVVE\WKH
PDWHULDOXOWLPDWHVWUHQJWK7KHUHVXOWRIWKLVQRUPDOL]DWLRQSURFHVVLVVKRZQLQWKHJUDSKRI)LJXUHZKHUHIRUGHVLJQ
SXUSRVHVWKHVFDWWHUEDQGZDVGHWHUPLQHGIRUDSUREDELOLW\RIVXUYLYDO36HTXDOWRDQG
7KHORZYDOXHIRU7VREWDLQHGIURPWKLVQRUPDOL]DWLRQSURFHVVVHH)LJXUHVHHPVWRVWURQJO\VXSSRUWWKHLGHD
WKDWWKHRYHUDOOIDWLJXHVWUHQJWKRI$03/$LVFORVHO\UHODWHGWRLWVVWDWLFVWUHQJWKZLWKWKHPHDQVWUHVVHIIHFWEHLQJ
PRGHOOHGHIIHFWLYHO\YLDVPD[
$FFRUGLQJ WR WKHH[SHULPHQWDO UHVXOWVDVVXPPDUL]HG LQ)LJXUHD UHIHUHQFH61FXUYHVXLWDEOH IRUGHVLJQLQJ
DJDLQVWIDWLJXH$03/$ZLWKLQILOOOHYHOHTXDOWRFDQEHSURSRVHGDVIROORZV
k=    
VMAX=āVUTS      at N0=2Â106 cycles to failure for PS95%  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$YHUHWWHWDOLVFRPSDUHGWRWKHGDWDREWDLQHGE\WHVWLQJ$03/$/HWFKHU
:D\WDVKHN$IURVHHWDO7KLVFKDUWPDNHVLWHYLGHQW WKDW WKHIDWLJXHVWUHQJWKRIVWDQGDUG3/$LVMXVW
VOLJKWO\KLJKHUWKDQWKHRQHRI$03/$ZLWKWKHH[SHULPHQWDOUHVXOWVJHQHUDWHGE\WHVWLQJFRQYHQWLRQDO3/$VWLOO
IDOOLQJZLWKLQWKHUHIHUHQFHVFDWWHUEDQGDVGHWHUPLQHGLQ)LJXUH7KLVFRQILUPVWKDWDVIDUDV3/$LVFRQFHUQHG$0
LVFDSDEOHRI IDEULFDWLQJFRPSRQHQWVVKRZLQJDIDWLJXHSHUIRUPDQFHVLPLODU WR WKHRQHFKDUDFWHUL]LQJFRPSRQHQWV
PDQXIDFWXUHGXVLQJFRQYHQWLRQDODQGZHOOHVWDEOLVKHGWHFKQRORJLHV




      
VPD[V876
1I >&\FOHVWR)DLOXUH@
'HVLJQ)DWLJXH&XUYH
36 
36 
V0$; āV8767V 
N 
15HI 
36 
5XQ2XW


)LJ61FXUYHGHWHUPLQHGE\SRVWSURFHVVLQJWKHH[SHULPHQWDOUHVXOWVJHQHUDWHGE\-HUH]0HVDHWDOE\WHVWLQJXQGHUURWDWLQJEHQGLQJ
F\OLQGULFDOVSHFLPHQVRI$03/$PDQXIDFWXUHGE\VHWWLQJWKHLQILOOOHYHOHTXDOWR

)LJ)DWLJXHVWUHQJWKRIVWDQGDUG3/$$YHUHWWHWDOYVIDWLJXHVWUHQJWKRI$03/$
&RQFOXVLRQV
%\SRVWSURFHVVLQJDQXPEHURIH[SHULPHQWDOUHVXOWVWDNHQIURPWKHWHFKQLFDOOLWHUDWXUHDQGJHQHUDWHGE\WHVWLQJ
XQQRWFKHGVSHFLPHQVWKHIDWLJXHEHKDYLRURI$03/$ZDVLQYHVWLJDWHGE\IRFXVLQJDWWHQWLRQRQWKHHIIHFWRIL
UDVWHURULHQWDWLRQVLLQRQ]HURPHDQVWUHVVDQGLLLLQILOOOHYHO$FFRUGLQJWRWKHRXWFRPHVIURPWKLVLQYHVWLJDWLRQ
WKHIROORZLQJFRQFOXVLRQVFDQEHGUDZQIRUDILOOGHQVLW\RI
x DVSHU WKH VWDWLF FDVH WKH IDWLJXH VWUHQJWKRI$03/$ LV VHHQ WREH DIIHFWHGPDUJLQDOO\E\ WKH UDVWHU
RULHQWDWLRQ
x VLQFHWKHHIIHFWRIWKHILODPHQWV¶RULHQWDWLRQRQWKHIDWLJXHEHKDYLRURI$03/$FDQEHQHJOHFWHGZLWK
OLWWOH ORVV RI DFFXUDF\ IRU IDWLJXH GHVLJQ SXUSRVHV $0 3/$ FDQ EH PRGHOOHG DV D KRPRJHQRXV DQG
LVRWURSLFPDWHULDO
x WKHPHDQVWUHVVHIIHFWLQIDWLJXHRI$03/$FDQEHDVVHVVHGLQWHUPVRIPD[LPXPVWUHVVLQWKHF\FOH
x ZKHQDSSURSULDWHH[SHULPHQWVFDQQRWEHUXQFRPSRQHQWVRI$03/$FDQEHGHVLJQHGDJDLQVWIDWLJXHIRU
36E\XVLQJDUHIHUHQFHGHVLJQFXUYHKDYLQJQHJDWLYHLQYHUVHVORSHNHTXDOWRDQGHQGXUDQFH
OLPLWGHWHUPLQHGLQWHUPVRIPD[LPXPVWUHVVDQGH[WUDSRODWHGDWāF\FOHVWRIDLOXUHHTXDOWRāV876
x $0 3/$ LV FKDUDFWHUL]HG E\ D IDWLJXH SHUIRUPDQFH VLPLODU WR WKH RQH RI 3/$ PDQXIDFWXUHG XVLQJ
FRQYHQWLRQDODQGZHOOHVWDEOLVKHGWHFKQRORJLHV



     
VPD[>03D@
1I >&\FOHVWR)DLOXUH@
)LOO'HQVLW\ 
36 
36 
V0$; 03D7V 
N 
1 
36 
5 
5XQ2XW




      
VPD[V876
1I >&\FOHVWR)DLOXUH@
'SULQWHG3/$
6WDQGDUG3/$
36 36 
V0$; āV8767V 
N 
15HI 
36 
5XQ2XW
 O.H. Ezeh  et al. / Procedia Structural Integrity 9 (2018) 2936 35 
$FFRUGLQJWRWKHDERYHFRQVLGHUDWLRQVWKHH[SHULPHQWDOGDWDJHQHUDWHGERWKE\/HWFKHUDQG:D\WDVKHN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PRGHOOHGHIIHFWLYHO\YLDVPD[
$FFRUGLQJ WR WKHH[SHULPHQWDO UHVXOWVDVVXPPDUL]HG LQ)LJXUHD UHIHUHQFH61FXUYHVXLWDEOH IRUGHVLJQLQJ
DJDLQVWIDWLJXH$03/$ZLWKLQILOOOHYHOHTXDOWRFDQEHSURSRVHGDVIROORZV
   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x $03/$PDQXIDFWXUHGZLWKDQLQILOOOHYHOORZHUWKDQEHKDYHVOLNHDQLQWULQVLFDOO\QRWFKHGPDWHULDO
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